Introduction
Rangeland and wildlife managers and natural resource scientists consider exclosures important tools for observing changes over time from lack of domestic ungulate use, wild ungulate use, usage by all ungulates including livestock, protection from other disturbances, and the natural climatic variation. Many exclosures were constructed in the 1960s with the idea that they would be maintained as long-term monitoring sites well past the span of a single generation of managers and scientists. This paper synthesizes the results of multiple years of data collection, provides a selection of the findings from key exclosures located on the three national forests, and highlights the competitive relationships among plant species, the relations between plants and animals, and long-term succession.
The majority of the interpretations result from comparative analysis of plant community data collected at different times. Some of the interpretations related to cause and effect of vegetation change at the exclosure locations are based on published literature coupled with the author's observations over 30 years of plant ecology study.
Rangeland Reference Areas
The sites where exclosures have remained with integrity over time are excellent rangeland reference areas. Exclosures preserve areas as baselines against which areas affected by management of the natural environment can be evaluated (Allen 1986 , Laycock 1975 . These exclosures provide the land manager and rangeland scientist with the benchmarks for the potential vegetation that a site is capable of supporting in the absence of disturbances. They also give an indication of the vigor and vitality of the plants without grazing, with light to moderate grazing by wild ungulates, and with the effects from both wildlife and livestock grazing. These are areas set aside to illustrate and represent virgin conditions of forest or rangeland growth, as well as other conditions (grazed) that have special or unique characteristics of scientific interest and importance from a range resource standpoint, and are retained primarily for the purpose of science, research, and education (Laycock 1975) . They have become excellent demonstration areas for other rangeland and wildlife professionals, rangeland scientists, educators and their students, and the general public. 
Early History of Exclosures on Rangelands of the Western United States
Rangeland managers and rangeland scientists have long used relict areas protected from grazing by natural barriers as well as constructed exclosures as baseline areas to compare with grazed areas. G.D. Pickford (1932) compared plant composition within and adjacent to exclosures in Utah. He noted a severe degradation of the perennial grasses, an increase of perennial forbs and annual grasses, a decline in overall plant density, and an increase in big sagebrush outside the exclosure. In central Montana a similar observation in 1948 demonstrated that Sandberg's bluegrass, mountain big sagebrush, and gray rabbitbrush (see appendix for scientific names of species) were more abundant on grazed Idaho fescue communities than in the ungrazed exclosure (Evanko and Peterson 1955) .
Problems With Early Exclosures
Early exclosures were often constructed by wildlife biologists to collect browse information. The sampling of a cohesive plant community, or of key plants within the excluded area, was often not intended. Even when vegetation communities were sampled correctly, often permanent plots were not established outside the exclosure to quantify the vegetation of the community as a comparison with that on the inside (USDA FS 1965a) . For example, sampling big game study plots in northeastern Oregon consisted of recording browse species and their composition by line intercept, readings of pellet groups along a belt transect, measurements of browse use on 10 shrubs, and photographing from internal camera points (USDA FS 1965b) .
These generally were not set up with permanent vegetation sampling transects for acquiring data about the plant community composition and its change over time.
Many early exclosures were too small with many not much larger than cages. Stoddart and Smith (1955) , in their rangeland textbook, urged early rangeland conservationists to construct exclosures of at least ¼ acre. The Forest Service and Bureau of Land Management subsequently required exclosures to be at least 1 acre (Laycock 1975) . It was determined that although a three-strand cattle-proof fence had little influence on microclimate, woven wire fencing used to deter sheep would modify the microclimate inside for a distance of 10 times the fence height (USDA FS 1965a) . Exclosures were also found to attract animals (birds perching and depositing seed in droppings along the edge, small mammals, and rodent populations increasing owing to increased herbage-both standing and as litter) (Laycock 1975 ).
Exclosure locations were haphazard at first. Common problems were the establishment of an exclosure straddling two different environments, or the sample plots being established on different environments within the exclosure versus outside the exclosure. Another key factor was the need to regularly maintain the exclosure to retain its integrity. The entry of a grazing animal into an exclosure built to analyze the plant community in the absence of grazing compromised the value of that exclusion to investigators and managers.
Types of Exclosures
Three types of exclosures were used in this study.
1. The one-way exclosure was installed to evaluate only the included plants and plant community. Many of the earliest exclosures were one-way and too small.
2. The two-way exclosure was designed to compare the protected vegetation within the exclosure with the unprotected vegetation nearby. Sampling was conducted inside and outside the exclosure.
3. The three-way exclosure allowed for two kinds of protected areas and an unprotected area (plot). The all-ungulate-proof exclosure usually consisted of an 8-to 10-foot-high woven wire fence to exclude all large animals (ungulates) and was called the "game" exclosure. The livestock-proof exclosure usually consisted of a three-strand barbed-wire fence and was called the "stock" exclosure. The third area was unprotected and was called the "open" plot where effects of dual usage could be sampled.
Three-way exclosures have provided the most valuable information over time.
They allow for the separation of the effects from combined usage (open plot), wild ungulates (livestock exclosure), and total grazing and browsing exclusion (game exclosure). The data can then be analyzed for the effects of specific use on plant composition, palatability, and trend. Other uses are the evaluation of annual fluctuations in herbage production owing to climate effects (game exclosure) and the speed of recovery as determined by vegetation sampling for trend (game and livestock exclosures).
Stagnation in Three-Way Exclosures
Stagnation is defined as the accumulation of dead biomass including litter as well as standing dead plant material in the absence of fire or grazing. This multiyear accumulation provides cover that attracts rodents (especially mice and voles).
Without grazing or fire these communities of range plants deteriorate and stagnate from a reduction in productivity (Anderson et al. 1970, Tueller and Tower 1979) .
The increase in mice and voles leads to small areas with increased soil disturbance resulting from burrowing and foraging activities. The ground disturbance by rodents can lead to invasive plants. In fescue-dominated communities, Kentucky bluegrass (Poa pratensis) capitalizes on the disturbance event to dominate microsites. Barring cessation of the rodent infestation and lack of fire, the vegetation reverts to an earlier sere. Livestock exclosures have repeatedly been associated with the healthiest grassland vegetation over time with the plant community nearing potential in response to periodic grazing by wild ungulates (especially elk [Cervus
canadensis]).
Where shrubs are a component in the protected plant communities, those shrubs within the game exclosures produced the least forage (Garrison 1953) . For example, sampling at four exclosures in Nevada showed stagnation of antelope bitterbrush and mountain big sagebrush as early as 2 years after establishment of the game exclosures (Tueller and Tower 1979) . This release from shrubs led to an increase in grass and forb production from the available nutrients and moisture.
However, the increase in grass production within the game exclosure contained grasses with a higher percentage of dead material and a decline in thrift. This was not the case with the grasses of the livestock exclosure where grazing wild animals provided an annual stimulus to grasses.
Exclosures of Northeastern Oregon
For a complete listing of the exclosures with locations, dates of establishment, sizes, and plant communities, see appendix 3.
Exclosures of the Wallowa-Whitman National Forest
The Wallowa-Whitman National Forest contains 12 exclosures. Eleven are three- 
Ridgetop Exclosures in Bunchgrasses
In 1963, the first three-way exclosure was constructed north of Allen Springs on a bunchgrass-dominated ridgetop overlooking Joseph Creek Canyon. In 1969, four more three-way exclosures were built on bunchgrass-dominated ridgetops running north to south from the Imnaha River canyon crest to the Snake River canyon crest.
The elevations of the five sites were 4,600 feet (Allen Springs), 5,100 feet (Grizzly Ridge), 5,300 feet (Coffeepot), 5,500 feet (Lord Flat), and 5,900 feet (Mormon Flat). These transects were initially sampled by using the ¾-inch loop technique (Parker 1951) to determine percentage composition by species. Subsequent sampling was performed by using a square-foot quadrat to acquire percentage composition by species (Daubenmire 1959) . Only the multiple samples taken by the quadrat technique are compared arithmetically. There is no arithmetic comparison made between the two techniques.
The initial sample data are valuable as they provide the baseline information of the ecological condition at the time of exclusion. The subsequent comparison of data derived from the quadrat indicates the successional trend for the vegetation over time from the start of quadrat sampling.
Allen Springs Three-Way Exclosures (Established 1963)
In 1986, the Joseph-Starvation Fire burned with moderate severity through the plant communities of both exclosures on Allen Springs Ridge. The vegetation along the permanent monitoring transects was resampled the first growing season after the burn and subsequently at approximate 5-year intervals.
In the first 5 years after the burn, Idaho fescue increased in cover from 12 percent in 1987 to 21 percent in 1992 within the game exclosure ( Kentucky bluegrass became established in the game exclosure from a 1976-77 rodent infestation. This is considered to be a direct result of total exclusion from foliar removal (fire, ungulates) within the game exclosure and exclusion of rodent predators. As a result, litter accumulated affording cover for mice and voles to create bunchgrass mortality in patches.
The first year following the 1986 fire, there was a dramatic increase from 7 to 21 percent in Kentucky bluegrass in the game exclosure. Like the prairie junegrass, Kentucky bluegrass has now reverted to subordinate status within the bunchgrassdominated community with a cover of 4 percent.
Litter has markedly increased in the game exclosure reaching a high of 75 percent of the amount before the 1986 burn. It was partially consumed by the fire and has now accumulated to a surface cover of 85 percent. In marked contrast, litter within the livestock exclosure covered 25 percent of the surface before the burn, dropped to 16 percent after the fire, and has increased to 55 percent. The amount of litter within the livestock exclosure is directly related to fluctuations in foliar growth owing to climatic conditions and to use by wild ungulates.
Grizzly Ridge Three-Way Exclosures (Established 1969)
The ridgetop site of the Grizzly Ridge exclosures had been severely overgrazed when the exclosures were installed in 1969 (table 1, fig. 1 ). The dominant bunchgrass then was Sandberg's bluegrass, with a strong associate-onespike oatgrass (Danthonia unispicata). These shallow-rooted bunchgrasses are found commonly on scabland sites where soil is less than 10 inches deep to bedrock. However, when deeper soil sites that historically carry the deeper-rooted bunchgrasses are depleted, the shorter bunchgrasses often increase and invade to occupy these sites. Soils here ranged from 12 to 21 inches in depth.
In 1971 
Lord Flat 3-Way Exclosures (Established 1969)
This is the one site that has been heavily modified from its presettlement state. The nearby Dorrance Ranch used the large flat for summer grazing of domestic sheep early after homesteading. Later, domestic cattle used the flat in summers until 1979.
The site of the exclosures was apparently plowed and hayed for a number of years.
The story the exclosures tell is one of secondary succession in the absence of total ungulate use over time in the game exclosure and of native ungulate use in the livestock exclosure.
In 1969, Kentucky bluegrass dominated the "old field" of the flat. 
Pleasant Valley Three-Way Exclosures (Established 1969)
In 1969, a three-way exclosure was constructed on the Snake River bench in Pleasant Valley (table 2, The vegetation on the sites of the two exclosures is the common snowberry-rose (Symphoricarpos albus-Rosa spp.) plant association (Johnson and Simon 1987) .
Over the sampling history from 1971 to 2002, the rose component that initially dominated within the game exclosure has declined as snowberry increased its occupancy. However, both shrub species dominate together over the herbaceous component. Visually, as revealed in photographs, the shrub migration from south to (1986, 1997), the vegetation was sampled at the culmination of annual growth.
Thus fire succession was determined for the snowberry-rose plant association at the Pleasant Valley site, as sampling has been performed every 5 years following the initial resample after the burn year.
In the game exclosure, the moderate burns reduced the canopy cover initially and also promoted rose over snowberry ( 
Exclosures of the Umatilla National Forest
The oldest exclosure existing today on the Umatilla National Forest is the Skookum three-way exclosure established in 1945 on the Heppner Ranger District. The forest contains seven existing exclosures (three three-way; one two-way; and three oneway). Two of the one-way exclosures are in forested plant communities on the Walla Walla Ranger District.
Skookum Three-Way Exclosures (Established 1945)
The The other story over the period between samples was with bitterbrush. The shrub was stable over the period in the game exclosure where no browsing could occur. However, within the livestock exclosure and on the open control site, the shrubs were found to be severely hedged, decadent, and in jeopardy of loss to the communities. Within the game exclosure, the plants had full crowns developing from the previous hedged state, and juvenile shrubs were present providing a greater vitality to the community.
The 1981-2002 comparison-
In 1962, Parker 3-step condition and trend transects were installed within the game and livestock exclosures for initiating a new sampling technique that used a ¾-inch loop to attain composition and frequency of the plants within the community (table 4) . The open area plots were on a rocky site that was not comparable to the sites where the exclosures reside. The transects were resampled periodically.
With the increase in elk populations of the 1980s, renewed sampling was conducted to observe the impact of dual usage by cattle and elk with the excluded communities as benchmarks. Key sample years were 1981 (prior to the peaking of elk use), 1986 (at the peak of elk use), and 2002 (after the peak when elk numbers declined).
In 1998, a fire burned through the exclosures. The 1989 In 1989, 6 years later, Kentucky bluegrass cover had declined inside the exclosure by 7 percent with a minor increase of 1 percent (4 to 5) by bluebunch wheatgrass. It was even more dramatic outside. Kentucky bluegrass declined 44 percent to a cover of 17 percent with a slight increase by the bunchgrasses to a combined 17 percent cover. The Canada bluegrass made only a slight increase inside the compacted the soil to a higher degree than the soils within the exclosure.
Malheur National Forest Exclosures
The Malheur National Forest contains the greatest number of existing exclosures in northeast Oregon national forests with 17. The majority (9) 
Canyon Creek Three-Way Exclosures (Established 1936)
This exclosure on Bear Valley Ranger District (table 7) is one of the best exclosures in the study area from the standpoint of construction and long-term maintenance.
Its fencing has not been breached, and repairs have been timely. The plant community is in the ponderosa pine/antelope bitterbrush/Idaho fescue-bluebunch wheatgrass plant association (Pinus ponderosa/Purshia tridentata/Festuca idahoensis-Agropyron spicatum) (Johnson and Clausnitzer 1992) . Bitterbrush is uniformly 3 to 5 feet tall within the exclosure, and younger age classes are represented. Branches with annual growth may extend to 6 feet in height! This is a demonstration of the growth bitterbrush can achieve on the mountainous ridgetops at the upper limits (5,000 feet) of its elevational range in the Blue
Mountains. Outside the exclosure, ungulates have hedged the shrubs severely, with most shrubs only 12 to 24 inches tall. Over the decade, bitterbrush increased its cover within the exclosure from 15 to 25 percent.
Western juniper has increased on the sample area inside the exclosure. In 1994,
it was present at only 1 percent cover. Now young trees account for 6 percent cover.
As with many of the rangelands in the southern Blue Mountains, western juniper is invading because of fire suppression. Certainly the lack of all disturbances within the exclosure over the past decade of monitoring has promoted its increase. There has been a stable cover of the herbaceous vegetation within the exclosure over the 10-year sample period.
Venator Creek Exclosure (Established 1963)
This 
Discussion of Results
The key finding of the three-way exclosure sampling over time is that the plant In contrast, the bunchgrass plant communities within the game exclosure tend to become decadent over time as thatch builds from lack of ungulate utilization.
Rodent populations tend to have the greatest increase in game exclosures capitalizing on the increased cover and lack of predation. The lack of utilization of bunchgrass vegetation allows a deep thatch of herbaceous litter to build over time and provide protected runways and burrow cover. Mammalian predators are thwarted 
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